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A GENERAL TANK TEST OP N.A.C,A, MODEL II-C

FLYING-BOAT HULL, INCLUDING THE EIW2CT OF

CHANGING THE PLAN FORM Or ?~ STEP

By John R, Dawson

SUMMARY

The results of a general tank test of N.A.C.A, model
11-0, a conventional pointed afterbody.type of flying-boat
hull, are given in tables and curves. These results are
compared with the results of tests on model 11-A, from
which model 11-C was derived, a~e it is found that the re-
sistance of model 11-C is somewhat greaters

The effect of changing the plan form of the ~tep on
model 11-C is shown from the. results of tests made with
three swallow-tail and three pointed steps formed by al-
tering the original step of the model. These z?esults show
only minor differences from the results obtained with the
original models .Lr-.

INTRODUCTION

Although model 11-A (reference 1) showed very good
resistance characteristics, it was %elieve& that the shape
of t-he bow could be improved to give better seaworthiness
without greatly increasing the resistance- Accordingly, a
new set of lines was laid out incorporating this change
and the model made from them was designated model 11-C*

This model, which is fairly representative of the
type most common in American flying-boat praotices was
used to determine the effect of changing the depth of step
(reference 2) and the effect of changing the angle of af -
terbody keel (reference 3).

Although a number of fly~ng boats have incorporated
main steps that do not have the conventional straight line
plan form? there is a scarcity of data on the effect of



a I
2 N.A.C,A, Technical Note No, 538

.,

b
thes8 changes on the water performance of the hulls. Re-
sults. of tank tests on three pointed-step hulls developed
at the N,A.C,A* tank have been pu’bl”ished (references 4 and
5) but these hulls have forms tha% differ radically from
the forms of conventional hulls now in use. In order to
provide data concerning the effect of changing the plan
form of the step on a conventional flying-boat hull it was
decided to make tests of model 11-C with several altera-
tions in the plan form of the step. .,

THE MODE!L

The principal lines of model 11-C are shown in figure
1 and the offsets are given in table I. A direct compari-
son between the” forebodes of model 11-0 and model 11-A
can be made with t-he aid of figure 2. In this figure the,
‘base line of model 11-A Is lowered to make the chines of
the two models coincide at the step. It is seen that aft
of station 7 the oaly difference in the bottoms of the two
forebodios is at the keel, whore the sections of..ll-A are
brought to a point and those of 11-C are not. The flat
,keel formed on model 11-C more neazly conforms to exist-
ing structural practice than does the sharp keel of model
11-A, Porward of station 7 the keel and buttocks of model
11-C rise more rapidly than do those of model I.1-A: fur-
thermore, the water lines of model 11-C are finer and the
sections have considerably more curvature, The afterbod-
ies of models 11-C! and ll~A, differ only at the keel where
mode~ 11-C has a small transverse flat and the sections
of model 11-A are brought to a point.

Model 11-C was altered by changing tho plan form of
the step as shown in figures 3 and 4. Tests were made
with six variations designated by the acute angle between
the lines forming the swallow tail or point and the line
of the original step (i.e., 15° swallow-tall step, 15°
pointed step, etc.). The depth of step for the swallow-
tail and pointed steps is not unifol*m but the nean ,depth
of step in all cases is the same as for model llHOC

lfollowing N,A,C,A, tank practice the model was made
of laminated wood sanded, painted, and rubbed to give a
smooth surface.. The different steps were formed by in-
serting bloaks into a removable portion of the model-

4
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APPARATUS AND PROCEIKJ~

~he N.A,C,A. tank, its towing carriage, dynamometer,
and other equipment are described in reference 6. With.
the exception of the moment-measuring apparatus the pres-
ent towing gear is similar to the one described in refer-
ence Yc In the present gear the trimming moments are
measured by a very stiff spring whose deflections are. in-.
dicated by a dial gage.

All the nodols were tested by the ‘general!’ test
method described. in reference 8. This method consists of
towing the model at several fixed trim angles with a npm-
%e?? of constant loads over a wido range of speeds. Tests
are n:ade at a sufficient number of trim angles to deter-
mine the trim angle that gives minimum resistance for ev-
ery load and speed in the range tested,

The swallow-tail and pointed-step variations were
tested over a considerably smaller raage of speeds and
loads than model 11-C, because the tests on the ‘former
were intended only to show the effects of the changes made;
the effects outside the range tested may be inferred from
the trend of the curves,

RESULT S

Test Data

Ourves of water resistance (includes air drag of mod-
el) and trimming moment plotted against speed for each of
the trim angles used are given in figures : to 10 for mod-
el 11-C an’d in figures 11 to 22 for the 30 swallow-tail
and 45° pointed-stop variations~ Trimming moments which
tend to raise the bow are considered positive to conform
with the usual. aerodynamic convention,

Curves of test data for the 15° swallow-tail and the
15° and 30° pointed steps are not included because it is
believed that the curves of resistance coefficient at best
trim angle are sufficient to show the small effects of
these variations of the step.

No data for the 45° swallow-tail s’tep are given as it
soon proved to be impracticable because of tho extremelY
shallow depth of the step at the keel. The effect was the --
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same as that encountered in tests of a model ha,ving a con-
ventional type of s%ey with too little depth (reference 2).

Curves of tr~mming rnomont ag~inst trim angle with
load as parameter, and draft against load with trim angle
as parameter for the model at rest aro given in figuro 23
for model 11-C!. These curves, plotted from tank-data,
permit the determination of the water line at rest for a
wide range of loads and centmr-of-gravity positions with-
out the laborious calculations necessary to dot-ermine the
water line from t-he lines of the hall.

Nondimensional Data .

!?he trim-angle variable is eliminated as in referenco
8 by determining the trim angle which gives minimuW re-
sistance-, The minimum resistance, speed, load, and trim-
ming moment required to obtain the trim” angle for minimum
resistance, are converted to the following nondimonsi.onal
coefficients

Speed coefficient,

Load coefficient,

Resistance coefficient,

Trimming-moment coefficient,

where V

Es

b,

A,

w,

R,

ii,

is speed, ft. /sec. ‘

acceleration of gravity,

maximum beam of hull, ft.

load on water, lb.

specific weight of watsr, l’b*/cu.ft.
(w = 63.5 lb./cu.ft, for the water in the
1$.A.C.A. tank during these tests)

resistance, lb.

trimming moment, Ib.-ft.

* .

>

—
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Any other consistent set of unite may, of course, be used.
“,.

it the lowost speeds this ruothod was not ap~l-tcable
to iodel 11-C! for the “curves of resistance against trim
angle. did not consistently show a minimum resistance~ I“n
this region, ho.wever~ the resi~tance does not vary great-
‘Iy with trim angle. Therefore, up to CV := 1,6, the
free-to-trim (zero trimming moment) resistance and trim
angle were used for model 11-C~ .-

..
‘?-hq.nondimensional data for model 11-C are plotte~

.in fi~ures 24 to 27. values of CR are plotted against
~ with CA as parameter in fi~gre 24 and against CA
with Cv as parameter In figure 25m Fi&Lre 24 is more
easily interpreted hut figure 25 i.s more readily used in
take-off calculations (reference 8), values of To (’best

trim angle) and T~ (trim angle for zero moment) are
plotted against CV with CA as parameter ir. figure 26*

.

!Crimming-morlent coefficient CIK is plotted against Cv
with Cb” as parameter in figl.lre 2’76

In fi~-rOS 28 to 32 @ at heat trim angle is plot-
ted afiainst Cy with Cb as parameter for the swallow-
tail and pointed-step variations. No other nondimensional
data are given for these changes as the effect of the vari-
ations on the othor nondimensional coefficients is prac-
ticall;~ ile.fjligibl~, —

DISCUSSION OF RESULTS

It was thought that the differences in form between
model 11-C and 11-A would not seriously affect the resi&t-
ance, blt the res~llts of these teats indicate that model

11-C has somewhat greater resistance than model 11-A at
the hump, although only small differences were obtained at
hi~h speeds. In figure 33 values of- the load/resistance
rat io (L/R) for best trim angle are plotted against CA
for several values of c~ for both m~del 11-A and model
11-C. It seems best to make comparisons hatween tests
made on the sane type of towing gear so that A/R values
for model 11-A are taken from recOnt tests -de with the
present type of towing gear and diffe r somewhat from the
results of the original test of this model given in ref~--
ence 10
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From figure 33 it is seen that model 11-A has cons”id-- ““”
%

era%ly better A/R values at the hump than has modol 11-C,
This difference deer.eas.es with increasing speed and de- ●

creasing load until at CV = 6.0 the differences in the.
values of A/R for the two models are negligible. It
thus appears that the penalty Taid for changing the bow is
an increase in hump resistances

In figure 34(a) the maximum positive trimming-moment
coefficients of models 11-A and 11-C are compared. The
centers of moments used in the tests of these models were
different- lmt % values for m’odel 11-A have %een convert-
ed to t-he same center of moments used in the tests of mod-
el 11-C, Although the maximum positive CM is consistently
greater for model 11-A than for modol 11-C the difference
is primarily due, to the difference in best trim angles ob-
tained for the two models as illustrated in figure 34(1).
As the difference in the best trim angle of the two modols
is within the accuracy to which this variable may be deter-
mined, the difference between the maximum positive moments
of the two modols is negligible, The moments at high
speeds for the two models are not compared here. because
they are not very large and, wtth the increased aerodynam-
ic moments available at high speeds, they become relative-
ly unimportant,

A compa~ison of the best angle A/R values of model
11-C, the 45 pointed-step model, and the 30° swallqw-tail
stop model is shown in figure 35. The diftierences show~a
at the hump and at Cv = 6,0 are of the order of the accu-
racy of the tests. sAt CT = 4,5 the differences are very
small at the light loads but becom~ quite appreciable at
the heavier loads whore both the 45° pointed step and the
30° swallow-tail step show considerably lower values of
A/R than does model 11-C. This region is of only minor
importance in take-off problems as it lies between the
hump and the hi.gh-speed critical”region. The other step
variations produced similar effects .

A comparison of the curves of test data shows that
the maximum positive trimming moments were not greatly
changed by the changes in the plan i’orm of the step, Dif-
ferences in these maximum values are attributed to the
rather wide spacing of test points in the swallow-tail and
pointed-step series.

Iletween 10 and 13 feet per seoond wit-h 100- and 120-
pound load~j moddl 11-C was directionally unstable and

*

b

.-
.
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none of the swallow-tail or pointed steps corrected th~s
conditions It is, however) doubtful whether this trait
would prove very detrimental in an actual flying boat as
the region would be quickly passed through during take-off.

Representative spray pictures of models 11-6 aqd I-I-A
are shown in figure 36 for the 100-pound load- Model 11-C
appears to have slightly better spray characteristics.

—

CONCLUDING REMARKS

The water resistance of model 11-C is greater than
that of II-A for all loads at the hump but there is little
difference in the high-speed resistance of the two models.

The spray characteristics of model 11-C are somewhat
better than those of 11-A and, on the whole, they are quite
satfsfactorym

With the exception of the 45° swallow-tail step, which
is impracticable because of the small depth of step at the
keel, .the swallow-tail and pointed steps do not greatly
affect those water characteristics measured in the tank
kests. St should be noted, however, that these pointed
steps aro merely alterations of a conventional step and
the results should not prejudice conclusions regarding the
effectiveness of other types of pointed steps~

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics

Langley Ffeld$ Va.s June W 1935s
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N.A.C.A. Technical.Note No. 838 Fig. 36

14. ? f.p.s.,v=9°, A=l~ lb. 15.3 f.p.c.,T=9°, A=300 lb.

20.0 f.p.60.7=7%A=l~ lb. 19.2 f.p.s.,Y=*, A=1OO lb.

Model 11-A h!odel11-C

Figure 36..8pr~ photographs of models 114 ead 11-C.


